. Human activities such as logging, land conservation, road construction and other disturbances in watersheds will increase erosion rate and thus the amount of sediment transported into the river that reaches lakes, reservoirs and sea. Accelerated sedimentation rate in the reservoir can signifi cantly reduce a reservoir's surface area, eliminating wetland area surrounding the reservoir and shallow the areas near the shore of the reservoir. A study of sedimentation rate in the Timah Tasoh water reservoir was carried out from May 2001 to April 2002 by means of sediment traps. The aim of this study is to determine the spatial and temporal pattern of sedimentation rates in the reservoir. The sediment traps were installed at fi ve different locations in the reservoir and replaced every month. Gross sedimentation rates measured in the sediment traps vary from about an average of 1.4 kg/m 2 /month or 16.3 kg/m 2 /yr in the deepest part of the reservoir to about 79.2 kg/m 2 /yr (monthly average of 6.6 kg/m 2 /month) and 47.1 kg/m 2 /yr (monthly average of 3.9 kg/m 2 /month) near the inlet of the Pelarit River and the Tasoh River respectively. The sedimentation rate near the Pelarit River and the Tasoh River infl ow is correlated with the water and suspended sediment discharge in the river, owing to its proximity to the rivers and the fl ooding effect, mainly during the wet season. The sedimentation rate decreases southward along the reservoir, as a result of increasing distance from the river mouth. The total suspended sediment load of the Upper Pelarit River and the Jarum River fl owing into the reservoir is 11.4 × 10 3 ton/year and 5.41 × 10 3 ton/ /year respectively.
INTRODUCTION
Disturbances in watersheds, be it naturally or exacerbated by human activities will increase erosion rate. Detachment of particles land surface is known as erosion. Erosion is the wearing away of land by the action of natural processes but it could be greatly accelerated by human activity. Lately activities by human such as land clearing, for logging or urbanization have been reported to contaminate lakes with sediment. The amount of sediment transported into the river that reaches lakes, reservoirs or the sea will also increase due to such disturbances. Heavy sedimentation rate shortens the lifetimes of lakes and reservoirs, destroys the aquatic habitats, reduces the reservoir's storage capacity and reduces the fl ood control capacity of reservoir (Alin et al. 1999) . Sediment transported into the reservoirs due to deforestation, construction and other human activities bring nutrient and toxin bound to them and may retain or release these compounds when they reach the reservoir. Deforestation and erosion will cause the extreme cycles of fl ood and drought, which bring negative effects to humans, plants and animals living in the ecosystem.
Accelerated sedimentation rate in the reservoir can signifi cantly reduce a rese-rvoir's surface area, eliminating wetland area surrounding the reservoir and shallow the areas near the shore of the reservoir. Sedimentation has reduced the size of the Lake Manzala in Egypt by 50% in only 90 years (Ayers et al. 1996) . Worldwide, reservoirs are estimated to be losing its storage capacity because of sedimentation at a rate of one percent a year. In India, the Nizamsagar reservoir in the Andhra Pradesh lost more than 60% of its capacity over only 40 years (Postel 1999) .
Sedimentation rate is a key parameter in understanding the physical regime and the biological and chemical budgets of lakes and reservoirs. Common techniques used in sedimentation rate studies are using sediment coring and radionuclide isotope such as 137 Cs (Nishri and Koren 1994; Fernex et al. 2001; Whitehead et al. 1998; Tanaka et al. 1994 ). Other technique is to measure sedimentation rate by means of sediment traps, which has become a common practice in limnological research. Koren and Klein (2000) based their method on Hakanson and Jansson (1983) to study the temporal and spatial variations of sedimentation rate in the Lake Kineret, Israel. The objective of this paper is to determine the spatial and temporal variations of sedimentation rate in the Timah Tasoh reservoir, Perlis and the relationship between sedimentation rate and suspended sediment discharge.
STUDY AREA
The Timah Tasoh reservoir (6°36'N and 100°14'E) is located approximately 13 km north of the Kangar town near the FIGURE 1. Study area Thailand border (Fig. 1) . The reservoir has a mean surface area of 13.33 km 2 and a storage capacity of about 40 million m 3 . The reservoir receives inputs from two main rivers, the Tasoh and Pelarit, in which have a combined area of 191 km 2 and supply approximately 97 million m 3 of water into the reservoir annually. The Tasoh River consists of two main sub catchments, the Jarum River and the Chuchuh River, respectively.
The area surrounding the reservoir and its upstream catchments includes mainly agriculture such as rubber, paddy, sugar cane and timber plantations. Urbanisation and some infrastructural development that involved land clearing activities were observed to take place in the catchment area. Such activities in the vicinity of the Padang Besar town infl uenced the sediment discharge of the Jarum River.
Similarly, the Pelarit River catchment includes area of agricultural land, quarrying and urbanization. The reservoir is shallow with the maximum depth of 10 m and submergence aquatic plant can be seen along the shoreline and shallow area. At present, the main purpose of the reservoir is to supply water for domestic and industrial use as well as for irrigation and fl ood control.
METHODS
Reservoir sedimentation study was initiated in April 2001. The sedimentation rate was measured using the sediment trap (Koren and Klein 2000) . The shape and design of the sediment trap was based on the criteria given by Gardner (1980) , and has identifi ed three conditions for the design of effective sediment traps: 1. a tube diameter wider than 4 cm; 2. a constant diameter along the tube; 3. an aspect ratio (the ratio between the length of tube and its diameter) ranging between 3 and 15.
The sediment traps used in this present study met all the three conditions. The trap was built using PVC tube, with a diameter of eight cm, 60 cm long and an aspect ratio of 7.5 (Fig. 2) .
Hakanson and Jansson (1983) who studied the physics of vertical and horizontal movements of sediment in water have pointed out the advantages of this method and described the effect of the trap shape and fl ow conditions on the accuracy of sedimentation rate and sediment composition measurements.
The sediment traps were installed at fi ve different locations in the reservoir and replaced every month. The sediment traps at the Ibus and IP stations were installed to represent the infl ow of water from the Tasoh River and the Pelarit River catchments respectively. The Tgh station represents the deepest part of the reservoir while the Out station represents Water samples accumulated in the trap were fi ltered using Whatman GFC 47 mm fi lter paper and oven dried for 24 hours to determine the weight of sediments. In this study, the sedimentation rate refers to the total amount of material accumulated in the trap.
The water discharge and suspended sediment load was measured at each of the two main rivers fl owing into the reservoir. For the Pelarit River catchment, a gauging station was setup at the upper part of the catchment, namely the Upper Pelarit River while for the Tasoh River catchment, the gauging station was at the Jarum River because this station was equipped with hourly water level recorder installed by the Malaysian Department of Drainage and Irrigation. River gauging and water samples were collected every fortnight to determine the sediment concentrations. Water level and velocity were measured to determine the water discharge. Velocity was measured using the SEBA current meter and discharge was measured using the Velocity Area Method (Gordon et al. 1992) .
RESULTS AND DISCUSSION

Water discharge
The Upper Pelarit River had the highest water discharge during the study period at approximately 37.7 × 10 6 m 3 , slightly higher when compared to the Jarum River which approximately about 32. Table 2 , much of water discharge at both stations is dominated by basefl ow, except during the wet season. It is occurred that during the study period, there is a long spell of dry period for almost three months at both stations, since January 2002.
Suspended sediment load
As expected, the Upper Pelarit River had a suspended sediment load that is higher than the Jarum River catchment. The total suspended sediment load produced at the Upper Pelarit River during the study period was 11.4 × 10 3 t, compared to 5.41 × 10 3 t for the Jarum River (Tab. 3). Storm runoff carried a small proportion of the suspended sediment output of the Jarum River (2.59 × 10 3 t or 39.1% of total load) compared to the Upper Pelarit River, which produced a storm sediment load of 7.98 × 10 3 t or 60.8% of the total load during the study period.
The monthly suspended sediment loads varied, refl ecting the seasonal rainfall of the study catchments (Tab. 4). At the Upper Pelarit River, the highest suspended sediment amount was observed in November 2001 (3.77 × 10 3 t). During this month, storms contributed as much as 2.63 × 10 3 t of suspended sediment load, accounting for 69.7% of total load of that month. However, the highest monthly ). This was due to the availability of new sediment sources which had accumulated in the river channel and from the slopes during the previous wet month to be transported after a long spell of dry condition in June and July 2001 when no storm event occurred. The lowest suspended sediment load was observed in March 2002 (1.4 t), during which no storm event was recorded January 2002. At the Jarum River, the highest monthly suspended sediment transported was in November 2001 (1.29 × 10 3 t), during which 0.75 × 10 3 t or 12.64% was contributed from storm events. The lowest monthly suspended sediment load was in February 2002 (15.1 t) refl ecting the driest period during the study with no storms recorded since January 2002.
Reservoir sedimentation rate
The monthly sedimentation rate of all stations is shown in Table 5 . IP station recorded the highest annual total sedimentation rate of 79.2 kg/m 2 /month, followed by Ibus ( 
Sediment trap of IP station
The relationship between the monthly sedimentation rate (kg/m 2 /month) and sediment load is shown in Figure 3 . The relationship of sedimentation rate with sediment load was not clear. The sedimentation rate was low during the period of high sediment load (August to April 2002. The amount of sedimentation rate during this period was 57.6 kg/ /m 2 /month or 72.7% of the total amount of sedimentation accumulated during the study period. The cumulative sedimentation rate is shown in Figure 4 .
Sediment trap at Ibus station
The relationship between the monthly sedimentation rate (kg/m 2 /month) and sediment load is shown in Figure 5 . 
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The same pattern shown at IP station occurred between the relationship of sedimentation rate and sediment load at Ibus station. The increase in the monthly sediment load will not increase the rate of sedimentation. The behaviour of the sedimentation pattern shows that high sedimentation rate occurs during month of December 2001 to April 2002. The amount of sedimentation rate during this period was 30.1 kg/ /m 2 /month or 63.9% of the total amount of sedimentation accumulated for the study period. The cumulative sedimentation rate during this study is shown in Figure 6 .
Spatial variation of sedimentation rate
The spatial variation of the sedimentation rate is shown in Figure 7 . The highest ave rage of sedimentation rate was 6.6 kg/m 2 / FIGURE 5. Relationship between monthly sedimentation rate and sediment load (Ibus) ton/year compared to the Jarum River is about 5.41 × 10 3 ton/year.
